1. Introduction
===============

In recent years, many seminal plasma proteins have been identified and characterized [@bib1], [@bib2], [@bib3]; several have been associated with fertility in various species [@bib1], [@bib4], [@bib5], [@bib6], [@bib7], [@bib8], [@bib9]. Four seminal plasma proteins associated with bull fertility were identified with two-dimensional polyacrylamide gel electrophoresis [@bib5]. Two of these proteins, 26 kDa (p*I* 6.2) and 55 kDa (p*I* 4.5), were associated with high-fertility bulls, whereas the other two, 16 kDa (p*I* 4.1 and 6.7, respectively), were more frequent in low-fertility bulls. Based on the four fertility-associated proteins in seminal plasma, a regression model that provided the best empirical prediction of fertility was developed. Estimated fertility values, based on four proteins, were compared to actual *in vivo* bull fertility; there was a positive association (*r*  = 0.89), indicating that the predictive model was valid. In subsequent studies, the 55 kDa (p*I* 4.5) bovine seminal plasma protein was identified as an osteopontin [@bib10] and the 26 kDa (p*I* 6.2) protein as a lipocalin-type prostaglandin-D synthase [@bib11]. In another study, a seminal plasma ribonuclease (14 kDa) was present in higher concentrations in bulls with poor post-thaw semen quality [@bib12]. In stallions, SP-1 (72 kDa, p*I* 5.6), a seminal plasma protein was positively correlated with fertility, whereas SP-2 (75 kDa, p*I* 6.0), SP-3 (18 kDa, p*I* 4.3), and SP-4 (16 kDa, p*I* 6.5) were negatively correlated with fertility. Based on Western blot analysis, there was a similarity between SP-1 and the bovine protein (55 kDa, p*I* 4.5) previously described [@bib8].

Seminal plasma proteins in dogs have not been well characterized. In two studies that used electrophoresis [@bib13], [@bib14], three protein fractions were identified. A study of the protein composition of secretions from the canine prostate [@bib15], six protein bands (86, 73, 28, 25, 19, and 16 kDa, respectively) were identified. Furthermore, the 86 kDa band was also present in castrated dogs. In a preliminary study using polyacrylamide gel (SDS-PAGE) under denaturing conditions, 25 bands with molecular weights ranging from 3.5 to 136 kDa were identified in five dogs of unknown fertility [@bib16].

The objectives of the present study were to separate canine seminal plasma proteins (with SDS-PAGE) and to determine the correlation between individual proteins and semen characteristics.

2. Materials and methods
========================

2.1. Reagents
-------------

All reagents were of highest purity-grade available and were purchased from the following companies: GE Healthcare (Uppsala, Sweden), Sigma (St. Louis, MO, USA) or Merck S.A. (São Paulo, SP, Brazil).

2.2. Collection and evaluation of semen
---------------------------------------

Twenty clinically healthy, adult (age range, 2--6 years), mixed-breed dogs were used. The dogs were chosen on the basis of size (15--20 kg) and good temperament, but their fertility was unknown. All dogs were sero-negative for brucellosis (Canine Brucellosis Antibody Test Kit, D-Tec^®^ CB, Synbiotics Corporation, San Diego, CA, USA) and leptospirosis (Microscopic serum-agglutination, Department of Infectious Diseases, UNESP, Botucatu, SP, Brazil). Starting 3--6 weeks prior to semen collection, the dogs were housed in concrete-floored kennels with access to outside runs and fed commercial dog food. All dogs were vaccinated against rabies, canine distemper, hepatitis, parainfluenza, laryngotracheitis, parvovirus, coronavirus and leptospirosis (*L. canicola e L. icterohaemorrhagiae*) infection (Duramune DA2PP + CvK/LCI^®^ and Rai-Vac I^®^, FortDodge, Campinas, SP, Brazil) and treated for external and internal parasites (Ivomec^®^, Merial, Campinas, SP, Brazil).

The penis was stimulated by digital manipulation in the absence of a teaser bitch. The entire second fraction and a portion of the third fraction were collected with a funnel and attached tube. Three ejaculates were collected from each dog, with a minimum interval of 48 h between successive collections. Semen analysis was done immediately after collection [@bib17]. Any ejaculate that was not opaque white was discarded and another ejaculate subsequently collected as a replacement.

Semen volume was determined with a graduated plastic tube. Sperm motility and vigor were evaluated by placing a drop of semen on a pre-warmed slide (38--40 °C), applying a coverslip, and observing spermatozoa with a phase contrast microscope (Carl Zeiss, Jena, Germany), at 200×. Motility (range 0--100%) was subjectively estimated in increments of 5%. Vigor was scored on a scale of 0--5, where 0 and 5 represent no movement versus rapid, vigorous movement, respectively.

Semen was diluted 1:20 in distilled water and the mixture put in a Neubauer hemocytometer chamber (Bright Line, Labor Optik, Shanghai, China). Spermatozoa were counted under a phase contrast microscope (Carl Zeiss, Jena, Germany) at 200× and the total number of cells per ejaculate was calculated.

For sperm morphology, semen smears were fixed in saline solution warmed to 37 °C for 10 min and stained by the modified KARRAS method [@bib18]. For each ejaculate, 200 spermatozoa were examined under phase contrast microscope (Carl Zeiss), at 1000× (oil immersion), and were classified as normal or as a major or minor defect [@bib19].

Sperm membrane integrity was assessed by the hypoosmotic swelling test and staining with fluorescent probes. The hypoosmotic swelling test was performed by mixing 0.1 mL of semen with 0.9 mL of hypoosmotic solution at 150 mOsmol [@bib20]. An isoosmotic solution at 300 mOsmol was used as control [@bib21]. After incubating for 30 min at 37 °C, a drop of each mixture was placed on a slide and a coverslip applied. For each solution (hypoosmotic and isoosmotic) and sample, 200 spermatozoa were viewed under phase contrast microscope (Carl Zeiss) and the proportion with tail coiling was recorded. The number of spermatozoa with coiled tails in isoosmotic solution was subtracted from the number in hypoosmotic solution.

Sperm membrane integrity was assessed using 6-carboxyfluorescein diacetate and propidium iodide [@bib22], [@bib23]. The semen was diluted (10 μL) with staining medium (40 μL) and incubated in the dark for 10--15 min at 30 °C. One drop was placed on a slide and covered with a covership, and 200 spermatozoa were observed at 400× magnification with epifluorescence (Leica, DMIRB, Aotec Instrumentos Científicos Ltda., São Paulo, SP, Brazil). Fluorescent green cells were considered intact and red or red and green cells were considered damaged. The proportion of intact cells was determined.

2.3. Preparation of seminal plasma samples
------------------------------------------

Seminal plasma was separated by centrifuging at 800 ×  *g* for 10 min (Excelsa Baby II, Fanem, Model 206-R, São Paulo, SP, Brazil) and stored at −20 °C. The samples were thawed, re-centrifuged at 4200 ×  *g* for 1 h at 4 °C (MLW, K23, Engelsdorf, Leipzig, Germany) and total protein, in duplicate, was determined by Biuret colorimetric method (Analisa Diagnóstica, Belo Horizonte, MG, Brazil). The seminal plasma was stored again at −20 °C until electrophoresis was performed.

Samples were diluted in ultra-purified water at a concentration of 2 μg/μL (for 22% gel) and 5 μg/μL (for 13% gel) of total protein mixed with sample buffer (TRIS-HCl 60 mM, pH 6.8, 50% glycerol, 2% SDS, 23 mM 2-mercapetoethanol, and 0.1% bromophenol blue) at 1:4 buffer/sample dilution, homogenized and boiled (∼100 °C) for 7 min.

2.4. SDS polyacrylamide denaturing gel electrophoresis (SDS-PAGE)
-----------------------------------------------------------------

One-dimensional PAGE of seminal plasma was performed under denaturing conditions by methods previously described [@bib16], [@bib24], [@bib25]. Electrophoresis was performed in a vertical system (Mini VE, GE Healthcare, Uppsala, Sweden), using two polyacrylamide concentrations, 13% and 22%. A 5% stacking gel was used in all runs.

The total loaded quantity of protein in each well was 80 μg in 20 μL for the 13% gel and 16 μg in 10 μL for the 22% gel. Each gel was also loaded with a standard protein of high (Recombinant Protein Molecular Weight Markers, 10--250 kDa, GE Healthcare, Uppsala, Sweden) and low (Rainbow Colored Protein Molecular Weight Markers, 2.5--45 kDa, GE Healthcare, Uppsala, Sweden) molecular weight respectively for separation gels at 13% and 22%. The electrophoresis system was connected to a power supply (EPS 300 Power Supply, GE Healthcare, Uppsala, Sweden) with constant current of 25 mA and maximum voltages of 184 V for 3 h (13% gel) or 250 V for 5 h (22% gel).

2.5. Gel staining
-----------------

Gels were stained[1](#fn1){ref-type="fn"} in 0.1% Coomassie Brilliant Blue R-250 dye, 45% methanol, and 10% acetic acid in ultra-purified water, warmed (∼50 °C), for 1 h, shaking slowly (Rotary Shaker, Biomixer, model MOS-1, São Paulo, SP, Brazil). Gels were destained twice for 15 min in 10% methanol and 10% acetic acid in ultra-purified water, warmed (∼50 °C), shaking slowly (Rotary Shaker, Biomixer, model MOS-1, São Paulo, SP, Brazil). Another destaining was performed in distilled water for 20 min in a microwave oven (CCE, Manaus, AM, Brazil) at 70 W, and for 10 min at 100 W. Gels were stored in plastic containers in distilled water with 5% glycerol at 4 °C (1--7 days).

2.6. Image acquisition and analysis
-----------------------------------

Gel images were digitized (VDS, GE Healthcare, Uppsala, Sweden). For each band of each gel, an image analyzer (Image Master™ 1D, GE Healthcare) was used to determine molecular weight (MW) and integrated optical density (IOD). The image analyzer corrected the densitometry of each band, discounting the optical density of background. After analysis, the gels were dried between impermeable cellophane papers with gelatin (200 mg/mL) on a glass plate.

2.7. Statistical analysis
-------------------------

For each dog, the mean of all three collections was used. The Pearson\'s correlation (*r*) between semen characteristics and IOD of each protein band, as well as total seminal plasma protein concentrations were determined (Excel, Version 6.0; Microsoft Corporation, Redmond, WA, USA). Correlations with *P*  \< 0.05 were considered significant.

3. Results
==========

Semen characteristics are shown in [Table 1](#tbl1){ref-type="table"} . Total seminal plasma protein concentration was 2.19 ± 1.56 g/dL (mean ± SD; range 1.12--5.19).Table 1Mean (of three ejaculates) semen characteristics in adult dogsDogVolume (mL)Motility (%)Vigor (0--5)Sperm concentration (×10^6^)Sperm morphologyHypoosmotic swelling test (%)Fluorescence (% intact)Normal (%)Major defect (%)Minor defect (%)15.693.34.7292.382.84.912.475.796.323.570.04.0345.782.33.813.868.387.735.30.00.036.76.083.38.80.00.043.588.33.7314.989.07.33.784.378.352.283.33.7480.387.37.55.283.083.061.760.02.7231.172.721.26.276.783.372.073.33.320.276.013.810.272.373.384.586.74.3251.380.812.27.089.782.092.588.33.7276.342.553.35.286.389.7102.790.03.3129.585.711.03.390.794.0112.891.74.0134.283.511.74.890.092.0123.516.72.314.229.230.27.331.715.3132.891.74.3271.389.86.04.289.090.0142.891.74.0273.481.312.76.087.074.3153.591.74.0343.783.512.83.785.372.0162.593.34.3267.088.28.73.292.386.7175.088.34.0177.087.38.74.090.075.0181.583.33.7980.690.56.53.084.778.0193.288.34.7520.691.05.73.390.791.7203.285.04.0499.288.27.74.288.086.3

Gel images are shown in [Fig. 1](#fig1){ref-type="fig"}, [Fig. 2](#fig2){ref-type="fig"} and the graphic profile of IOD mean bands in seminal plasma of all 20 dogs is shown in [Fig. 3](#fig3){ref-type="fig"} . A total of 37 protein bands were identified, 19 and 18 in the 13% and 22% gels, respectively. However, no individual dog had all 37 bands. In the 13% gel, molecular weights ranged from 100.6 to 17.1 kDa, with four bands (49.7, 33.2, 26.4, and 19.5 kDa) present in all dogs. In the 22% gel, molecular weights ranged from 15.6 to 3.6 kDa, with nine bands (15.6, 13.5, 12.7, 11.7, 10.5, 8.7, 7.8, 5.6, and 4.9 kDa) present in all dogs. Considering both gel concentrations, the majority of bands (85%) had molecular weights below 17 kDa, with the 15.6 kDa (B20) in high concentrations in all dogs.Fig. 1Polyacrylamide electrophoresis gel (SDS-PAGE) at 13% concentration in a seperation gel, in a discontinuous alkaline system of canine seminal plasma proteins. Lane 1, MW marker (full molecular weight range, 10--250 kDa); wide arrows indicate bands formed by MW marker. Lanes 2--8 are canine seminal plasma; fine arrows indicate protein bands B4 (67 kDa) and B5 (58.6 kDa).Fig. 2Polyacrylamide electrophoresis gel (SDS-PAGE) at 22% concentration in a seperation gel, in a discontinuous alkaline system of canine seminal plasma proteins. Lane 1, MW marker (low molecular weight range, 2.5--45 kDa); wide arrows indicate bands formed by MW marker. Lanes 2--8 are canine seminal plasma; fine arrow indicates protein band B20 (15.6 kDa).Fig. 3Optical density (OD) profile of seminal plasma proteins (mean of 20 adult dogs). Each peak represents the quantity of protein in each band.

There was no significant correlation between total protein concentration and semen characteristics. There was a positive correlation between the IOD of two bands (B4, 67 kDa and B5, 58.6 kDa) of seminal plasma and semen characteristics ([Table 2](#tbl2){ref-type="table"} ).Table 2Correlation coefficients (*r*) and probability (*P*) between seminal protein bands B4 (67.0 kDa) and B5 (58.6 kDa) and semen characteristics in adult dogsSemen characteristicB4 (67.0 kDa)B5 (58.6 kDa)Correlation (*r*)*P*Correlation (*r*)*P*Sperm motility0.660.00160.460.0011Sperm vigor0.560.0110.660.0015Morphologically normal0.550.0120.590.0065Hypoosmotic test0.760.000090.680.0011Fluorescence0.560.0090.590.0063

4. Discussion
=============

There was nearly a fourfold variation among individual dogs in seminal plasma protein concentrations, consistent with a previous study [@bib26]. Furthermore, the mean concentrations were similar to those previously reported [@bib13], [@bib14], [@bib26], [@bib27], [@bib28]. The high molecular weight bands were a small fraction of total protein, whereas those with a low molecular weight were at much higher concentrations. Therefore, although we were using gradient gels, it was not possible to separate low and high molecular weight proteins in the same gel, necessitating the use of two separate gels.

The first study to characterize canine seminal plasma proteins used electrophoresis; three protein fractions were identified [@bib13]. These fractions arranged themselves from the starting line solely in the direction of the negative pole, in the area of gamma-globulins. Dogs with reduced fertility also had the three fractions; the migration path and protein concentration were identical to those found in the seminal plasma of fertile dogs. However, ejaculates from old dogs with azoospermia did not separate, but remained as a single fraction at a variable distance from the starting line, becoming diffuse towards the cathode. Bruschi et al. [@bib14] also reported three fractions of proteins separated from canine seminal plasma, but did not determine associations between these proteins and fertility or seminal analysis. In the present study, using SDS-PAGE, we identified 37 bands. These findings extend our previous report, in which 25 bands (molecular weights ranged from 3.5 to 136 kDa) were identified in five dogs of unknown fertility [@bib16].

Band B20 (15.6 kDa) had the highest concentration of all 37 bands identified. Perhaps this band is an arginine esterase subunit. High concentrations (∼10 ng/mL) of arginine esterase are present in canine prostatic secretions [@bib29]; it accounted for \>90% of protein secreted by the canine prostate and ∼30% of canine seminal plasma proteins [@bib30]. The molecular weight of this protein was estimated at 29.5 kDa by Sephadex G-100 gel filtration and at 25 kDa by SDS-PAGE [@bib31]. Under denaturing conditions it formed two sub-units, H and L, with molecular weights of 15 and 12--14 kDa, respectively [@bib32].

Canine arginine esterase is considered a specific immunological marker to assess the normality of the prostate gland [@bib33] and is very similar to human Prostatic Specific Antigen (PSA), an important marker of prostrate cancer [@bib34]. Furthermore, canine arginine esterase has considerable homology to a family of heparin-binding proteins from equine seminal plasma (SSPs-7) [@bib35]. We have investigated the affinity by heparin of canine seminal plasma proteins; Band B20 (15.6 kDa) was a heparin-binding protein [@bib36]. The current data provided additional evidence that band B20 is a canine arginine esterase subunit; however, that requires confirmation with other methods.

There was no significant correlation between total protein concentration and semen characteristics, in contrast with previous reports in other species [@bib37], [@bib38], [@bib39], [@bib40]. It is noteworthy that this is the first study in dogs to correlate protein band densitometry to semen characteristics. Sperm motility, as well as other semen characteristics, were correlated to the IOD of two bands (B4 and B5, 67 and 58.6 kDa). Similarly, in stallions, there was a linear correlation between motility of both fresh and frozen-thawed spermatozoa and the relative concentration of two protein bands (19.6 and 15.3 kDa) [@bib41]. Furthermore, Killian et al. [@bib5] reported that differences in nonreturn rates of reproductively normal bulls were correlated with the amounts of four proteins in seminal plasma. Moreover, in previous studies we showed the ∼58.6 kDa band to be a heparin-binding protein [@bib36]. Thus, since motility and other seminal characteristics are correlated to *in vitro* and *in vivo* fertility in dogs [@bib20], [@bib42], the proteins identified in the present study may be valuable markers for fertility.

Identification of seminal plasma proteins has considerable merit; they can potentially be used to predict fertility, and perhaps to either increase fertility or as a contraceptive [@bib5]. Studies in dogs are important, both as a model for assisted reproductive technologies in endangered species as well as for advances in medical research (since dogs are an important model for the study of human prostate function).

The fertility of the dogs used in the present study was unknown. Furthermore, although we detected significant correlations between seminal plasma proteins and semen characteristics, it is noteworthy that correlation does not imply cause. Therefore, these findings should be interpreted with caution, pending further studies that directly relate seminal plasma proteins and fertility. In addition, more sophisticated studies that allow higher-resolution separation of seminal plasma proteins and more detailed characterization of those proteins, as well as investigation of their physiological role, will further advance knowledge in this area.
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